INHIBITION OF FUMARASE 177 D-tartaric acids, glycine and the sodium salt of L-aC-hydroxy-,-sulphopropionic acid.
5. Inhibition by all the competitive inhibitors tested was markedly dependent on pH. The variation of the inhibitor constants and of the Michaelis constants with pH has been studied in detail, and the results are discussed in the light of the theory of Dixon (1953) .
6. A tentative hypothesis of the structure of the active centre and the sequence of reactions which may accompany the reversible hydration of fumarate to L-malate is suggested on the basis of these results.
I am indebted to Dr M. Dixon, F.R.S., for his helpful advice and for his interest in this work. I also wish to thank him for information about his enzyme-substrate theory before publication. I am also grateful to other members of the department, in particular Dr G. Weber and Dr E. C. Webb for many helpful discussions. This work was carried out on a grant from the ' The role of colostrum in promoting the well being of the young ruminant has been established mainly by work on the cow. It has been shown that these animals depend on the ingestion of colostrum soon after birth and the absorption of immune globulins from this secretion for a passive immunity which greatly favours their chances of survival of the critical first few weeks of their life (Smith & Little, 1922; Orcutt & Howe, 1922) . That a similar situation obtains in the sheep has been shown in three different ways; the immunological studies of Mason, Dalling & Gordon (1930) and Schnieder & Szathmary (1939) ; the work on the sodium sulphate salted-out protein fractions of Earle (1935) and the electrophoretic examinations of Charlwood & Thomson (1948) . In the present work these three methods have been combined in a study of the changes in the serum proteins of suckling lambs and extended to a series of lambs receiving colostrum after various periods of delay. In relation to these changes, the existence and nature of any proteinuria in the young lambs has been investigated.
METHODS 0
Sated-out nitrogen fraction8. Serum protein, globulin and albumin N fractions were estimated by difference from the total N, 'globulin-free' N and non-protein N contents; these were determined by micro-Kjeldahl analysis ofthe following solutions representing a dilution of 1 in 21 of the serum sample: a dilution in normal saline, a globulin-free filtrate obtained after precipitation with saturated MgSO at 20°o vernight, and a protein-free filtrate obtained after precipitationwithtrichloroacetic acid (5 g./100 ml.). Colostrum N fractions were obtained by analysing a suitable dilution in saline in the same way as serum with the following addition: casein N was obtained by including the analysis of a caseinfree filtrate prepared by acidification of a dilution in saline with acetic acid.
Electrophoretic examination of the 8era. This was carried out in the Tiselius apparatus at 40 using phosphate buffer at pH 8-0 and ionic strength 0-2 and a protein concentration of about 2 g./100 ml. The percentage composition was determined from the diagrams by projection, extrapolation and planimetry. As considerable difficulty was experienced in analysing the individual components, the method of extrapolation employed by Dalgarno, Godden & McCarthy (1950) was used throughout. The albumin and salt boundaries were completed. The slowest component, probably corresponding to the y-globulin of human serum was then extrapolated and called component 2. The area between this component and the albumin was not subjected to further analysis but was measured as a single component and termed component 1.
Antibodies. Antibodies in colostrum, serum and urine were estimated by the limiting dilution of the agglutinin test. At first the tests were carried out from a lower limit of 1 in 25, but later, samples which were negative at this limit were examined on a lower range from a dilution of 1 in 2.
Urine examination. This consisted of qualitative tests for protein by sulphosalicylic acid precipitation and by heat coagulation (with addition of acetic acid). Globulin was detected by precipitation with half-saturated (NH4)2S04 and with saturated MgSO4. These tests were made comparative by an arbitrary grading of the degree of precipitation as a trace, +, + + and + + +. Antibodies were tested for in the lower range of dilutions, that is from a dilution of 1 in 2.
RESULTS
The present observations were made on Cheviot, Blackface and half-bred lambs over a period of two lambing seasons. The ewes which gave birth to them were immunized with Salmonella typhosa antigen. The first injection was given 21 days before the expected lambing date. After birth, some lambs were allowed to suck the ewe in the normal way, some were bottle-fed with cows' milk for varying periods before colostrum feeding, while others never received colostrum. The lambs which received colostrum after a delay, did so, either by returning to the unsucked dam when the delay was short, or by being fostered on to another ewe which had recently lambed but not suckled, or by ingesting a single pint of stored colostrum. The relations and treatments of these animals are given in Table 1 .
Observations were made on 15 ewes and 17 lambs. Seven lambs ingested colostrum at birth, six after delays of 12, 24, 29 and 48 hr. and 3 and 9 days, respectively, and four were deprived of colostrum.
The serum and colostrum of the ewes at lambing were examined for salted-out nitrogen fractions and antibodies. In two ewes, the colostrum was further examined at various intervals after lambing. In two other ewes it was also examined before lambing took place. The results presented for the ewes, Table 2 , have been limited to thirteen relating to those given for the lambs, Table 3 .
The lambs' serum was also examined by these two methods and in addition by electrophoretic analysis. Samples were taken at the following times: birth, 2-3 days, 7-10 days and at 5-6 weeks after birth. The results, Table 3 , in the case of lambs ingesting colostrum at birth, have been limited to four typical cases. The urine of twelve lambs was examined for a few days after birth and ingestion of colostrum, Table 4 .
The composition of colostrum, Table 2 , showed at lambing protein nitrogen ranging from approximately 1 to 4 g./100 ml. and titres from 1 in 1000 to 1 in more than 10 000. The subsequent rapid change in composition is illustrated by the data included for ewes 232 and 255, Table 2 .
The observations on colostrum before lambing were made on ewes 13 and 22, (Table 2) shows that colostrum ingestion and absorption had given to the lamb for the time being a globulin-nitrogen content and an agglutination titre comparable with that of its dam. The lambs serum taken at varying periods after birth is compared with that of the dam at birth only since data on these ewes' serum at corresponding post-natal periods was not obtained. 5 or 6 weeks later the lambs' globulin nitrogen was much less and its titre, as expected, quite small compared with its dam. During this period the lambs' albumin nitrogen rose to a level comparable to that in the dam.
The relative globulin concentration of the lambs' serum has been calculated from the salt precipitation results and included in Re8uU8 on lambW' urine. These are reported in The urine tests showed that the kidney of the newborn lamb appears to possess an unusual permeability, which persists for at least the same period after birth as that observed in the alimentary canal.
The permeability or otherwise of the different types of placenta,e has usually been explained in terms of the number of layers of tissue concerned.
The present results indicate that this may not be so important as the properties of a particular layer since the impermeability of the placenta is in marked contrast to the permeability ofthe numerous tissue layers of the udder, alimentary canal and kidney. The results also show that the placental impermeability is not absolute, as sometimes a small amount of component 2 and a discernible agglutinin reaction could be obtained in the lambs' serum at birth (Table 3) . SUMMARY 1. Immunological, salt-precipitation and electrophoretic methods of investigation have been combined in a study of (a) the changes in serum proteins of lambs on ingestion of colostrum at birth, (b) the effect of delaying the ingestion of colostrum on these changes and (c) the occurrence of any proteinuria in this connexion.
2. The results show that there is an increase in serum globulin largely due to one electrophoretic component and an appearance of antibody, when colostrum is given up to 29 hr. but not at 48 hr. or more after birth.
3. Following the ingestion of colostrum the lambs showed a marked proteinuria, characterized by the presence of globulin and antibody.
